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Introduction MPI, OpenMP, CUDA GPU, and Hybrid Debugging

* Overview of TotalView Features » Reverse Connect/Attach
* TotalView Debugging Solution * Memory Debugging
* General Debugging Features for C, C++, and Fortran * Reverse Debugging

e Ul Navigation and Process Control .

HPC Debugging Techniques

* Action Points

* TotalView Resources and Documentation
* Examining and Editing Data

« Advanced C++ and Data Debugging * Q&A

* Mixed Language C/C++/Fortran and Python Debugging

* Remote Debugging
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Why do you need TotalView?



4

TotalView Features

* Comprehensive C, C++ and Fortran
debugger

*  Multi-process/multi-thread dynamic
analysis

* Thread specific breakpoints with
individual thread control

* View thread specific stack and data

* View complex data types easily

*  MPI, OpenMP, Hybrid and CUDA
debugging

* Convenient remote debugging for HPC

* Integrated Reverse and Memory
debugging

* Mixed Language - Python C/C++ debugging
* Script debugging

* Linux, macOS and UNIX

TotalView by Perforce © Perforce Software, Inc.

ThreadWorkers - Process 1, Thread 1.4 (QThread) (Breakpoint) - TotalView 2020

File Edit Group Process Thread Action Points Debug Window Help

<unknown line>

12

13

15

Call Stack
Y
29  Worker:doWork

start_thread

__clone

Worker:qgt_static_metacall
_ZN11QMetaObjectBactivateEP7QObjectPKS_iPPy

_ZNTQThreadllsetPriorityENS_8PriorityE

o)
—
Jrocesses ... ® | ookupFileo.. ¥ | Joc.. ¥ | Jpe.. ¥ | Start Page * | maincpp ¥ | _ poll_nocancel ¥ | workercpp
@ @ @ | - -_ Worker::doWork()
Description #P #([| 4
41 ghebug( )<<"sStart ¥ Br pri | "eethread()->currentThreadId();
ThreadWorkers (S3) 1 1]
43 gsrand(worker);
B Mixed 1 1] do {
45 mutex.lock();
B Breakpoint 1 1] a8 bool deabort = abort;
47 mutex.unlock();
Worker::doWork 1 1]
49 | switch (worker) {
worker.cpp#49 1 1] case 1:
51 qbebug() <= '
14 1 |52 break;
) case 2:
B Running i e qpebug() << '
55 break;
<unknown address=> 1 1] case 3:
57 qbebug() <= '
<unknown address> 1 1] 58 break;
11 1 1 case 4:
. 60 qbebug() <= '
B Stopped 1 3] 61 N break;
__poll_nocancel 1 3 |

Action Points %

Data View

Replay Bookmarks *

Command Line * | InputfOutput

Local Variables %

Name

I Type Stop

Location Line

Type

Value

]

Process: 1 (2911) ThreadWorkers

|_Eval |

MIA

..worker.cpp#49

worker.cpp {line 49)

Thread: 1.4 (0x7f3d414f3700) - Breakpaoint

Frame: Worker::doWork

File: fhome/bburns/DemosiThreadWorkersfworker.cpp

Arg nts
this

Block at Line 45
doAbort

loop

Line: 49

Worker * const

bool

QEventLoop

0x022241a0 -> (Worker)

false (0)

(Cpague QEventLoop)

Source Line: 49
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What is TotalView used for?

* More than just a tool to find bugs
* Understand complex code
* Improve code quality
* Collaborate with team members to resolve issues faster

e Shorten development time

* Finds problems and bugs in applications including:
* Program crash or incorrect behavior
* Dataissues

* Application memory leaks and errors

* Communication problems between processes and threads
* CUDA application analysis and debugging

* Applications in an automated test and batch environments

totalview.io
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TotalView’s Default Views

tx_basic_data - Process 1, Thread 1.1 (Stopped) - TotalView 2020 - o X

File Edit Group Process Thread Action Points Debug Window Help

1. Processes & Threads — e

—
. Processes & Threads ® | Lookup File or Function * | Documents ¥ | OpenMP ] Start Page * | t«_basic_data.cxx % Call Stack
Control View ole o |[T = ) wreru v
° L k F-l F . Description #P #T %  Members simple strugez { o T
0o up e or unCtlon t_basic_dala (S3) 1 1 Pl foo[51;
a; __libc_start_main
M st d 1 1 1 *  dynInts;
* Documents : msiruetss e
W Stopped 1 1 pll
*statString = "This is a H
main 1 1 pll
main( arge, ** argv)
. te_basic_data.cxx#48 1 1 pll 47 {. )
2. Source View 1o B,
**dynstrings;
dbl_array[10];
float flt_array[108];
. 54 (1= 0; i<10; i++)
i
3. Call Stack View = OV
57 fle_array[i] = i * 4.5;
I
[} myStruct.a = 'a';
. . 61 mystruct2.a = 'a';
4. Local Variables View
Data View * | Command Line * | Input/Output | Logger »

Name Type Thread ID Value

[Add New Expression]

5. Data View, Command Line,
Input/Output

Local Variables 3

. .
6. Action Points, Replay vane e e
Arguments
B 0 O k m a r kS Action Points % | Replay Bookmarks * arge int 0x00000001 (1)
IDv Type Stop Location argy Sstring ** Ox7ffef7863308 -> Ox..

Block at Line 48

i int 000000000 (0)

nullPtr

int* OxTffef7863300 -> Ox..

(]

Thread: 1.1 (2985) - Stopped Frame: main File: ome/bburns/Demosity_t

- 1(2985) tx_basic_data

Line: 48
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Process and Threads View

Processes & Threads X | Processes & Threads |
@ @ @ | = = ® @ @ | E =
Description #P #T %  Members Description #P #T *  Members l
¥ b_fork_loop (53) 4 4 pl-4 W te_fork_loop {S3) 4 4 pl-4
w [ Breakpoint 4 4 pl-4 w [ Breakpoint 4 4 pl-4
w [l Breakpoint 4 4 p2.1, pa.1, p3.2, .. w [l Breakpoint 4 4 p2.1, pd.1, p3.2, ...
w b fork_loop.codBe2 4 a 2.1, pdl, p32, . Select process or thread attributes to group by:
Control Group
13 1 1 pl.3
+'| Share Group
21 1 1 p2.1
Hostname
32 1 1 p3.2
+| Process State
41 1 1 pd.1
v | Thread State
v Stopped 4 a8 1.1, p31, pl-2....
u Pe . P P + | Function
¥ _ select_nocancel 2 3 pl-2.2, p2.3 ¥ Source Line
W =unknown line> 2 3 pl-2.2, p2.3 PC
12 1 1 pl2 Action Point ID
22 1 1 p2.2 Stop Reason
23 1 1 p2.3 Process 1D
¥ snore 3 5 pl.l, p3.1, p4.2,... | Thread ID
¥t fork_loop.cxx6E2 3 5 pll, p3.1, pd.2,... Pracess Held
11 1 1 pll Thread Held
Replay Mod
31 1 1 p3.1 ey Mode
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Source View

Start Page | tx_fork_loop.cxx X
#else
1889 whoops = pthread_create (&new_tid, &attr, ( **)( *y)forker, | *J1local_fork_count);
1@01 whoops = pthread_create (&new_tid, NULL, T *1yforker, | *1local fork_count);
#endif
1893 (whoops)
{
1895 princf(’ e reate fa 1 I I I , whoops, errnaoj;
1096 exit{1);
i
1008 thread_ptids[total_threads++] = new_tid;
1899 printf 1 f d.xn", | Jgetpid({})), Inew_tid);
1181 forker (fork_count};
1182 %}
main [ argc, rargv)
1187 {
1188 fork_count = o;
11889 args_ok = 1;
111@ arg_count = 1;
*arg;
pthread_mutexattr_t mattr;
1114 signal (SIGFPE, sig_fpe_handler);
1115 signal (SIGHUF, | (*)¥( }isig_hup_handler);
#ifndef __linux
Find: | main - ||| Aa " ) 2 matches
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Call Stack View and Local Variables View

Call Stack * | Local Variables | Lookup File or Function |
Y . Mame Type ‘u'hlue-
¥ Arguments
e b int 0x00000012 (18)
funch " Block at Line 47
funcs c int 0x00000014 (20)
funcA i int 0x00000000 (0}
funcB v v int[20] (int[20])
funcA [0] int 0x00000000 (0)
funcB [1] int 0x00000000 (0
funch, [2] it O 00000000 (0
- [3] int 0x00000000 (0)
— [4] int 0x00000000 (0)
[6] int Oec00000000 (0)
[7] int 0x00000000 (0)
181 int Oec00000000 (00 Lo
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Action Points View

OpenMP % | Action Points *® | Data View ® | Replay Bookmarks ¥ | Command Line % | InputfOutput

[y Type Stop Location Line Function

ol 1 m Process | .J/ReplayEngine_demo.cxx27 ReplayEngine_demo.cxx (line 27) main

v 2 EOEN Group | 4 bytes @ 0x601058 {arraylength)
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Data View, Command Line View and Input/Output View

OpenMP % | Action Points ® | DataView X | Replay Bookmarks ¥ | Command Line ¥ | InputfOutput
MName Type Thread ID Value
C it 11 O 00000014 (20)
p int * 11 O Tife8d6baceD -= Ox00000014 (20)
*(p)
" OpenMP % | Action Points % | DataView ¥ | Replay Bookmarks ® | Command Line % | InputfOutput
[0 Linux x86_64 Totalview 2020.3.11
(1] Created process 1 (3893), named "ReplayEngine_demo"
Thread 1.1 has appeared
(2] Thread 1.1 hit breakpoint 1 at lipe 27 in "main"
Thread 1.1 re
[3] Thread 1.1 hi| OpenMP % | Action Points ¥ | Daia View ® | Replay Bookmarks ¥ | Command Line ¥ | Input/Output
4] Thread 1.1 hi

- dprint Flip this text
c = expepeas | TLIP THIS TEXT

_ Flip some more text

fLIF SOME MORE TEXT

Standard Input: |
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Action Points

Action Points X

Replay Bookmarks X

IDv Type Stop Location Line
i 1 m Process | _.._demo.cio#2b | .o.oxx (line 23
v 2 BN Group | ...058 (amaylength)

Breakpoint

Evaluation Point (Evalpoint)

Watchpoint

Barrier point

16 | TotalView by Perforce © Perforce Software, Inc.
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Setting Breakpoints

I
Start Page ® | tx_blocks.cxx . . .
TIoat ©; e Setting action points
nestedStruct ns;
e e Single-click line number
3 | ot mysub ant x) * Right clicking on the line
a7 X = x*2; 1
o Eidacd number and using the
3@ 3}
context menu
main argec, **oargv) . . . .
e L e Clicking a line in the source
44 k = a; . .
struchata myStrucArray[1o]; VIeW then SeIeCtIng the
myArray[12]; H H
struchata myStruct; ACtIOﬂ POIﬂtS '> Set
EE] mystruct.x = 18; . .
% mystruct.y = zo; breakpoint menu option
5@ myStruct.b = 777.2;
51 myStruct.ns.a = 2;
52 myStruct.ns.b = falsze;
53 (i =0; 1=3; i++)
E myStruct.nsa[i] = i*z;
55 *charPtr = i I ;
57 (i=
m t i OpenMP % | Action Points % | DataView ¥ | Replay Bookmarks ® | Command Ling % | InputfOutput
60 K : : N
61 AT 1D Type Stop Location Lire Function
:2 ggt: W 1 IEIXTH  Process | b blocks.cx48 te_blocks.cxx (line 48) main
64 myStH
- mystd| ¥ 2 IEITH  Process | . b blocks.cxS4 tv_blocks.cxx (line 54) main
66 pring
57 - I 3 | IEZXTE Frocess | ..Jtx_blocks.cxx59 tx_blocks.cxx (line 59) main
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Setting Breakpoints

L e——

* Breakpoint->At Location... Set Breakpoint
. . . et Barrier
* Specify function name or line number At Location.. CiriB
* If function name, TotalView sets a breakpoint at Create Evaluation Point...

. ] ] ) Create Watchpoint...
first executable line in the function i

Suppress All
Delete All
Load...
Save . . )
-ocation in tx_blocks b4
Save As...
Enter breakpoint expression:
readexpr.ci#119]| -

Examples: 51, drawCircle, circle.cpp#3b, Circle:draw

| Create a pending breakpoint

CREATE BREAKPOINT CANCEL
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Evaluation points

Create Evaluation Point x

e Use Eval pointsto :
* Include instructions that stop a process and its relatives Create Evaluation Point

» Test potential fixes or patches for your program _ _ _ _
Evaluate this expression at location:  ix_basic dafa.cxx#48 ¥

* Include a goto for C or Fortran that transfers control to a

line number in your program 'TFEL[:GTJEH
* Execute a TotalView function :
» Set the values of your program’s variables
Enter an expression, for example: if {i == 207 Estop
Language: C++ -

| CREATE EVALUATION POINT || CANCEL |
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Evaluation points Examples

* Print the value of a variable to the command line

printf ("The value of result is %d\n", result);

* Skip some code

goto 63;

» Stop a loop after a certain number of iterations
if ( (1 % 100) == 0) {
printf ("The value of 1 is %d\n", 1i);

Sstop;

See “Using Built-in Statements” in Appendix A of the User Guide for more information on “S” expressions:
https://help.totalview.io/current/HTML/index.html#page/TotalView/BuiltInStatments.html#ww1894979
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Watchpoints

* Watchpoints are set on a specific memory location
* Execution is stopped when the value stored in that memory location changes

* A breakpoint stops before an instruction executes. A watchpoint stops after an instruction executes

[T

|' Set Breakpoint

Set Barrier
At Location... Cirl+B
Create Evaluation Point...
OpenMP % | Action Points ¥ | DataView % | Replay Bookmarks * | Command Line * | InputfOutput % L Create W&t{:hpﬂlnt... *
Name Type Thread ID Value SUIJFIFEES .IE'|.|| .
myStruct struct simple_st... 1.1 (struct simple_struct) DE'E!LE-‘ A” - L o)
foo int[s] 11 (int[5]) . - -
Create Watchpoint in tx_basic_data X
a e — ‘" (0x61, or 97) [ Load...
Dive !
[Add New Expre DV In New Data View [ Save
Dive InAll . . :
: Save As... Enter a variable expression for the watchpoint:
Delete Del
Create Watchpoint k— FI‘}'Etr'JC[.fEIEI:E]l -

Show Statistics

o

File: mome/bburns/Demositv_tests/sreity_basic_data.cxx

CREATE WATCHPOINT CANCEL
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Barrier Breakpoints

* Used to synchronize a group of threads or processes defined in the action point
* Threads or processes are held at barrierpoint until all threads or processes in the group arrive

* When all threads or processes arrive the barrier is satisfied and the threads or processes are released

Set Breakpoint

|
f Group (Control) i Set Barrier k a i
|

At Location... Citrl+B

Ciocuments Create Evaluation Point... Start Page ® | tx_fork loop.cxx o
Create Watchpoint... 7
Open Documents:
P Suppress All
Delete Al ] o3 (lexit_after_create)
Start Page 004 snore (arg);
085 (sleep_before_exit)
' Load...
e 5 oB6E sleep_fTor_seconds (2);
ave o087 pthread_exit (&exit_stat);
Save As. . return ({ ey
1

23 | TotalView by Perforce © Perforce Software, Inc.
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Saving Breakpoints

F' ™
Save Breakpoints x
Look in: fhome/bburns/Demositv_tests/ld/gec_4.8.2_64 - .x.’;‘.i?- G @
Name Size Type Date Modifie
@ Computer L
o
t«_arrays. TVD.v4breakpoints 728 bytes  ydpr.. File  1/13/19 5:16
bbums
te_ttf_map. TVD.v4breakpoints 736 bytes  wdbr.. File  1/13/19 1:49
hidden Folder LY 1:08 |
oby Folder 31T 1:05 |
EXE Folder 31T 1:05
I
File name: «_fork_loop TVD.v4breakpoints Save
Files of type: |Saved Breakpoints (*. TVD.v4breakpoints) - Cancel

From the Action Points menu select Save or Save As to save breakpoints
Turn on option to save action points on exit

24 | TotalView by Perforce © Perforce Software, Inc.
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Call Stack and Local Variables

Call Stack % | | Call Stack View
\ 4 Local Variables | Lookup File or Function | e Lists the set of call frames as the
Name Type Value program calls from one function or
funcB
Arguments method to another
Az b it 0x00000012 (18) * Filter button used to turn on or off
funcB L filtering of frames.
funcA c int 0x00000014 (20)
i | . 0X00000000 (0) Loca! Variables V|ew. |
_ | * Displays local variables relative to the
funch W int[20] (int[20]) .
current thread of interest and the

[0] int 0x00000000 (0)
func selected stack frame

1 i Ox 00000000 (0 .
o - " © « Organized by arguments and blocks
- a4 2X00006080 (6) * To edit values, add variable to the Data

[3] int 0x00000000 (0) View
.. Erpo A

[5] int 0x00000000 (0)

[6] int 0x00000000 (0)

[7] ink O Q0000000 (0

[81 int O 00000000 (00 L
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The Data View Panel

Local Varables

Name Type Value

* Data View allows deeper exploration of data M SngT OCINMSOER > OGTHUSSSLLS > Tx ook
structures —

* Edit data values , - 000000064 100

* Cast to new data types e

« Add data to the Data View using the context , e
menu or by dragging and dropping TR, sl |2

Context menu

A UARONONE (81

iy ArTay int[10] Create Watchpoint
myStruct struct strucData Show Statistics
charPtr Ssiring const * 0x00400a4c -> "This is a string"

Data View * | Command Line * | InputfOutput * | Logger * Local Variables

Name Type Thread 1D Value Name Type Value
i int 11 (Ox00000006 (6) argy Bstring ** OxTffd495f4028 -> OxTifd495f5115 -> "tx_blocks"
[Add Mew Expression] Block at Line 59
i int 0x0000000a (10
k int 0x00000064 (100)

EBlock at Line 44

myArray int[10] !"'"1} (int[107)
k T Drag and drop
myStrucA. .. struct strucDatal...  (struct strucData[10])
myArray int[10] (int[107}
myStruct struct strucData (struct strucData)
charPir Sstring const * Ox00400a4c -> "This is a string”

Frame: main File: home/bburns/Demositv_tests/src/tx_blocks.cxx Line: 66

27 | TotalView by Perforce © Perforce Software, Inc. totalview.io




The Data View Panel — Expanding Arrays and Structures

Select the right arrow to display the substructures in a complex variable

Any nested structures are displayed in the data view

Data View ¥ ‘ Command Line * | InputfCutput * | Logger Data View | Command Line ¥ | Input/Output | Logger *
W Type Thread 1D Valus MName Type Thread ID Walue
fitl array float[10] 11 (float[10]) miyStruct struct simple_st... 1.1 (struct simple_struct)
.
[0] float 11 0 QStruclz struct simple_st... 1.1 (struct simple_structZ)
—
[1] float 11 45 foo int[3] 11 (int[S])
[2] float 11 9 0] int 11 000000000 (0)
[3] float 11 13.5 [1] int 11 000000001 (1)
[4] float 11 18 2] int 11 000000002 (2)
[5] float 11 2.5 [3] int 11 000000003 (3)
[6] float 11 27 [4] int 11 Q00000004 (4)
71 float 11 315 a char 11 ‘"’ (D61, or 97)
181 float 11 36 dynints int* 11 001f2b010 -> Ox00000000 (0)
I91 float 11 405 | | *{dvnints) int 11 (00000000 (0 L
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The Data View — Dive in All

e Dive in All
Use Dive in All to easily see each member of a data structure from an array of structures

OpenMP = | Action Points = ‘ Data View | Replay Bookmarks ‘ Command Line * | InputfOutput

Name Type Thread ID @ Value

b strucAmay struct junk[20] 11 (struct junk[20])

[Add New Expression]
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The Data View Panel — Entering Expressions

Enter a new expression in the Data View panel to view that data

Data View » | Command Line *¥ | InputfOutput ¥ | Logger
Name Type Thread ID Walus
myStruct struct strucData 11 (struct strucData)
* int 11 0x0000000a (10)
¥ int 11 0x00000014 (20)
b float 11 7772
ns struct nestedStr... 1.1 (struct nestedStruct)
intf3] 11 (int[3])
myStruct.x| int ) 11 Ox0000000& (10)

myStruct.x

int

Ox0000000a (10)

myStruct.x@

mooooooo@
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Type the expression in the [Add
New expression] field

A new expression is added

Increment a variable

totalview.io



The Data View Panel - Casting

Casting to another type

J. Comae T Pw00000002 (10 Cast a variable into an array by
adding the array specifier

D Nt e 5t TotalView displays the array
[21] int Ox0000000a {10)
[1] int 0x00000064 (100)
[2] int 0x00000010 (16)
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Extending Debugging Capabilities:
How to Debug (Al) Mixed Python/C++ Code



Mixed Language Python Debugging

* Debugging one language is difficult enough.

* Understanding the flow of execution across language
barriers is hard.

* Examining and comparing data in both languages is
challenging.

* What TotalView provides:
* Easy python debugging session setup.
* Fully integrated Python and C/C++ call stack.

*  "Glue” layers between the languages removed.

* Easily examine and compare variables in Python and C++.

* Modest system requirements.

* Utilize reverse debugging and memory debugging.

* What TotalView does not provide (yet):
* Setting breakpoints and stepping within Python code.

34 | TotalView by Perforce © Perforce Software, Inc.

python - Process 1, Thread 1.1 (Breakpoint) - TotalView for HPC 2017

File Edit Group Process Thread Action Points Bookmarks Debug Window Help

f Group (Control)

i ReplayEngine

Processes & Threads *

— I
Start Page * | python.c * | tv_python_example.cpp * | test_python_to_C.py * Call Stack * | Lookup File or Function *
Do | == . =
- - #1/usr/bin/python —
[ ipti #P #T “ | Members def callFact(int_arg):
import tv_python_example as tp @  fact
python (53) 1 1 pl # Test some locals
a=3 callFact
W Break.. 1 1 pl b = 18
© = a+h
et . " _ ch = "local string” @D | pySupportedTypes
pi = 3.14150
long_wvar = 2.5 GEP  <module>
= 4 3 A true_bool_war = True
false_bool _var = False libc start main
noType = Nonge — ==

cx = complex(z,-1)

return tp.fact(a)

if _name_ == '_main__':
b =2 Name Type Value
result = callFact(b)
print result Arguments
int_arg int 00000000
tp module Ox7f9a2844
a int 00000000
Action Points ¥ | Command Line * | Logger * | Replay B x Data View X
15, g Type Stop Location Line MName Tvpe | Value
hd 1 IEITTE | Group | tv_python_example 6 [Add Mew Expression]

totalview.io



Python debugging with TotalView (demo)




Terminal 13 $ 1) 859AM I

o

Terminal

ubuntu:~/demo_2019/PythonExamples> /usr/toolworks/totalview.2019.0.4/bin/totalvi
ew -args python2.7-dbg test_python_types.py

ry

)
B
%
a
5




Remote Debugging - TotalView Remote Ul



TotalView Remote Ul

* Combine the convenience of establishing a remote
connection to a cluster and the ability to run the
TotalView GUI locally.

* Front-end GUI architecture does not need to match back-
end target architecture (macOS front-end -> Linux back-
end)

e Secure communications
* Convenient saved sessions

* Once connected, debug as normal with access to all
TotalView features

* Front-end GUI currently supports macOS and Linux
x86/x86-64. Windows client is coming.
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[ JoN ]
m DISPLAY
. ACTION
POINTS
Q SEARCH
PATH

- PARALLEL
| o |

REMOTE
CONNECTIONS

X TOOL BAR

& LABS

<= Preferences

Remote Connections
Create a configuration to launch the TotalView debugger on a remote host.

Provide the necessary information to reach the host and the debugger.

Select a configuration to edit: | Off ~ | or create a new configuration

Connection Name
Provide a name for your connection.

| New Connection

Remote Host(s)
Provide a comma separated list of SSH hosts in the form: user@hostl, user@host2

| user@hostl, user@host2

Private Key File

Specify an optional local private key (e.g. .pem or .ppk) file to use for the SSH connection.

Imy/path/my_key.pem

TotalView Remote Installation Directory
Enter the path to the totalview executable or leave blank if totalview is in your path.

loptitoolworks/totalview. 2020.3.0/bin
Remote Command(s)
Enter optional shell commands to execute or source a remote script before starting remote TotalView debugger
module load totalview Or source /path/to/remote/script
Delete Configuration

roguewave.com



Remote Ul Architecture

Remote System Front-end Node Batch Node
tvdsvr
@
e TotalView Ul t
® Debugger srun
TotalView Ul “Client”

Compute Nodes
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TotalView Reverse Connections



Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o® e
° g®
@ 6. socket connection opened tvdsvr
TotalView Ul '

srun
2. TotalView Ul reads

request

1. tvconnect writes
request

3. TotalView returns u 4. tvconnect reads
response \_—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o® e
° g®
@ 6. socket connection opened tvdsvr
TotalView Ul '

srun
2. TotalView Ul reads

request

1. tvconnect writes
request

3. TotalView returns u 4. tvconnect reads
response \_—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o® e
° g®
@ 6. socket connection opened tvdsvr
TotalView Ul '

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns \__./ 4. tvconnect reads
response \_—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o® e
° g®
@ 6. socket connection opened tvdsvr
TotalView Ul '

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns u 4, tvconnect reads
response \_—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect ‘ 5. exec ‘
o® e
° g®
@ 6. socket connection opened tvdsvr
TotalView Ul '

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns u 4, tvconnect reads
response \_—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o®“e
° g®
@ .
_ 6. socket connection opened tvdsvr
TotalView Ul

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns u 4, tvconnect reads
response \_—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Batch Script Submission with Reverse Connect

e Start a debugging session using TotalView Reverse Connect.
* Reverse Connect enables the debugger to be submitted to a cluster and connected to the GUI once run.

* Enables running TotalView Ul on the front-end node and remotely
debug jobs executing on the compute nodes.

* Very easy to utilize, simply prefix job launch or application start
with “tvconnect” command.

#!/bin/bash
#SBATCH -J hybrid_fib

#SBATCH -n 2 Question

H#SBATCH -c 4 O ™ |
e following reverse connection request was found.
#S BATC H == m e m = pe r-C p U =4000 (1) localhost.localdomain mpirun -oversubscribe -np 4 mpi_prnmes_sort 1000

w U M_TH READS:4 Do you want to accept?
tvconnect sriun -n 2 --cpus-per-task=4 --mpi=pmix ./hybrid fib
C pus-p pi=pmix ./hybrid_ Pyelr T
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Memory Leaks, Heap Status, and ldentifying Dangling Pointers



What is a Memory Bug?

A Memory Bug is a mistake in the management of heap memory

Leaking: Failure to free memory

Dangling references: Failure to clear pointers

Failure to check for error conditions

Memory Corruption
* Writing to memory not allocated

* Qverrunning array bounds
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TotalView Heap Interposition Agent (HIA) Technology

Advantages of TotalView HIA Technology

e Use it with your existing builds
* No Source Code or Binary Instrumentation

*  Programs run nearly full speed

* Low performance overhead

* Low memory overhead

» Efficient memory usage

Process

User Code and Libraries

Heap Interposition

Allocation Deallocation

Table Agent (HIA) Table

Malloc API

roguewave.com
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Memory Debugging Features — MemoryScape / TotalView

© © ® MemoryScape 3.2.3-0

TotalView New Ul Features

May 11, zoiz| Heap Status Graphical Report
Save Data "Dpti‘jns

[ ] Lea k dete Ction Export Memory Dats| | @l Detect Leaks @l Relatiwe to Baseline ml Enable Filtering

Heap Status Reporty
Source Report
Backtrace Report

1| esmenee 1 8|1

Frocess 1: filterapp-mpil.1l

I
P
i Hea p Status Other Reports Catey| ||9x0949d058 — 0x094d2c00 (214.91KE)
Leak Detection Rep
Memory Usage Repor
Corrupted Memory R
Compare Memory Uss

* Dangling pointer detection R —— "

Mamage Filters git - Process 1, Thread 1.1 (Breakpoint) - TotalView 2021 - 8 x
Heap Informat
~Owverall Tota P
Heap Srocesses . % | ookupFleo. % | Joo. X | Jpe. % | SwrtPage % | wiapperc % | commonmaing x | v heap breakponto % i Report <pl | can stack = |
= = S aie{attenptl Tocate ~TPRIGNAX T R .
Procsss Sslection e — N
e-DDeallocad =, return o Dreg tab to taich. Report may be placed side-by-side vith source. x| B TVHEAP oty breapoin bere
t(s3 1 all| s0
Coming Features Dpreaes | -® e
Parallel Job filte M Breakpoint 1 1 try_to_free_t ry_to_free_routine(try_to_free_t routine) P Bytes | Count BeginAddress | EndAddress
I g u H-DLeaked 2 ( TV_HEAP_notiy_event
E-ERed Zone B sreakpoit 1 1l = try_to_free_t old = try_to_free routine; Process 1(5095):git  1157.16 KB 950
35 (iroutine) D | TV_HEAP_maloc_interpaser_fin
> filterapp-m TV_HEAP oty reakpoi. 1 1|l 3a Foutine = do_nothing; wnappere usiske  seso @ | TV_HEAR_malocintrposer
.03 . a try_to_free_routine = routine; s
A Filterapp-m wheap breatporntoiss 1 1| 39 e w01 s TV_HERP.inox o fni
* Memory Error Events b ox1vermn = . T
I £ilterapp-m 2o wrocrawe s ooz 322 [ ot rnters
32 “ret = strdup(str);
o i do_smalloc _17.27KE 133 | | ait
B B pe try_to.free_routine(scrien(str) + 1); [ — J
pr ret = strdup(str); handle_buikin
. . a7 (rrer) Backirace:
 Memory Corruption Detection | I M ——— © v
50 Feturn ret; = omd_main
51}
9 main
*do_xmalloc(size t size, gentle)
siff( 2 libe_siart_main
. . ret;
° = ([
57 (memory_limit_check(size, gentle))
58 return NULL; 3 Local Variables
0 ret = malloc(size);
50 (iret a2 1size) 3% Name Type | Value
o1 — Arguments
° IVI . Action Points | Data view | Replay Bookmarks % | CommandLine x | IpuiOuput % | event T OXTHBITTE0-> (TV_.
emory Hoardin g [
Thread 1.1 has appeared
.
Created process 1 (5895), named "git"
« Memory Comparisons between processes
Thread 1.1 has exited
Thread 1.1 has reported a heap tracking event (see dheap for more information)
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TotalView Reverse Debugging



Reverse Debugging with TotalView

* Reverse debugging provides the ability for developers

Start Page * | common-main.c ¥

to go back in execution history restore_sigpipe_to_default(void)
16l {
. . . sigset_t unblock;
* Activated either before program starts running or at
. . . 19 sigemptyset(&unblock);
20 sigaddset(&unblock, SIGPIPE);
some pOInt after exeCUtlon beglns 21 slgzgocmagkl;gIGfl(.:JNBLOCK, &ur)lblock, NULL);
. o _ 22 signal (SIGPIPE, SIG_DFL);
e Capturing and deterministically replay execution. 21’
main( argc, **argv)
 Enables stepping backwards and forward by = R
function, line or instruction.
* Run backwards to breakpoints. 2p sanitize_stdfds();
34 git_setup_gettext();
* Run backwards and stop when a variable changes -+ T I
Value. 38 restore_sigpipe_to_default();
. . . . 40 return cmd_main(argc, argv);
* Saving recording files for later analysis a1}

or collaboration.

* For remote connection use CLI: dhistory —save <name>
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Reverse Debugging Controls

Group (Control) ' [yl

"

Next forward over Step forward into Advance forward out Advance forward to
Run forward functions functions of function call selected line
Run backwards Next backwards Step backwards into Advance backwards to Advance backward to
over functions functions calling function selected line

Advance to “live” Create a bookmark at this Save the recorded
session point in recorded history session

-| = oy | |

ReplayEngine
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Debugging CUDA Applications with TotalView



TotalView for the NVIDIA © GPU Accelerator

* NVIDIA Tesla, Fermi, Kepler, Pascal, Volta, Turing, Ampere

!

* NVIDIACUDA9.2,10and 11
With support for Unified Memory

* Debugging 64-bit CUDA programs

|

|
=]
=]
L=
i
Y
=]
&
=]
iy
=
Rl

* Features and capabilities include

e Support for dynamic parallelism
Support for MPI based clusters and multi-card configurations

.
e

Flexible Display and Navigation on the CUDA device
Physical (device, SM, Warp, Lane)

* Logical (Grid, Block) tuples
CUDA device window reveals what is running where

Support for types and separate memory address spaces

* Leverages CUDA memcheck

roguewave.com
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Source View Opened on CUDA host code

Start Page * ’tm:_cuda_maxml.xl.cu x

148
141
142
143
144
145
146
147
148

152
153
154
135
156
157

163
165
1lg8
167
168
169
178
171
172
173
174

Matrix A;

A.width = width_;

A.height = height_;

A.stride = width_;

A.elements = (float*) malloc(sizeof(*A.elements) * width_ * height_);

(int row = 0; row < height_; row++)
for [(int col = 0; col = width ; col++)
A.elements[row * width_ + col] = row * 18.8 + col;
return A;
1
print_Matrix (Matrix A, const char *name)
printf{"%=:\n", name};
for (int row = 0; row < A.height; row++)
for {int col = 8; col = A.width; col++)
primtf { sd] [%5d] %f\n", row, col, A.elementsfrow * A.stride + col]]);
1
m, n; and p-default ta 1, and are iplied by BLODCK SIZE
int main(int argec, **argv)
{
int m = BEOEKSIZE * (argc = 1 ? atoifargv[1]) : 1);
t n = BEOEK STZE * (argc » 2 ? ateif(argv[2])} : 1};
onst int p = BEGEK SEZE * (argc = 3 ? atoifargv3]) :@ 1};
Matrix A = cons_Matrix(m, n);
Matrix B = cons_Matrix(n, p);
Matrix € = cons_Matrix(m, p);
MatMul{a, B, C);
print_Matrix(A, "A");
print_Matrix{B, "B");
print matrixfe; "c"};
return e;
1

Rogue Wave by Perforce © 2019 Perforce Software, Inc.
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Breakpoint Set in CUDA Kernel Code Before Launch

|
Start Page * | tx_cuda_matmulcu %

Hollow breakpoint S s e S
indicates a breaprint : _globai_ C -.rji_afhuihernél(Métri.;('A, Matrix é, Matrix C)

89 | _
will be set when the —> =] i * blockRow blockIdx.y;

) i 7p;oc3co}<‘ blockIdx.&;rwr S !
code is loaded onto the Matrix c;ub'= Ge‘téubr}étr;x(c,’ blockRow, blockcol);

GPU. e R i

floét cQélue—= e,
row = threadIdx.};
col = threadIdx.x;
(intm=0; m< (A.width / BLOCK_SIZE); ++m) {

Matrix Asub = GétSubMatrix(A, blockRow, m);

Matrix Bsub = Gétsubmatrixis, m, blockcCol);
__shared__ float AS[BLOCK_SIZE][BLOCK_SIZE];
__shared__ float BS[BLOCK_SIZE][BLOCK_SIZE];
éetElement(Asub, row, cbl)}
GetElement(Bsub, row, col);

As[;éﬁ][eoli:‘
Bs[row] [col]

__syhcthreads();
(f‘i e = é; e < BLOCK_éIié; ++e)
Cvalue += As[row][e] * Bs[e][col];

_s}nbthreads( : X

3
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GPU Physical and Logical Toolbars

i GPU(Logical) Block 0 Y 0 1 i GpPu (Physical) Device

Logical toolbar displays the Block and Thread coordinates.
Physical toolbar displays the Device number, Streaming Multiprocessor, Warp and Lane.

To view a CUDA host thread, select a thread with a positive thread ID in the Process and
Threads view.

To view a CUDA GPU thread, select a thread with a negative thread ID, then use the GPU
thread selector on the logical toolbar to focus on a specific GPU thread.

roguewave.com
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Displaying CUDA Program Elements

@local type qualifier

ActionPoimts % | Data View ¥ | Command Line * - InputiOutput * W !n(_:“cates that variable A
— is in local storage.
Mame | Jupe———__ ThrW Value
A Matrix @local I-1 (Matrix @local)
width int 1-1 0x00000002 (2)
hieighit it 1-1 0x00000002 (2)
stride int g i | 000000002 (2)

elements 1-1 Ox 77242800000 -= 0

*elements) £l | 0

[Add Mew Expression]
“elements” is a pointer
to a float in @generic
storage.

* The identifier @local is a TotalView built-in type storage qualifier that tells the debugger the storage kind of "A" is
local storage.

* The debugger uses the storage qualifier to determine how to locate A in device memory
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TotalView remote debugging on Linux and Mac OS

Download and install TotalView on your linux or mac.

Connect to remote front node.

Run labs remotely

TotalView by Perforce © Perforce Software, Inc.

¥

Preferences

m DISPLAY

. ACTION

POINTS

Q SEARCH

PATH

- PARALLEL
| oo |

REMOTE

CONNECTIONS

X TOOL BAR

& LABS

Remote Connections

Create a configuration to launch the TotalView debugger on a remote host.

Provide the necessary information to reach the host and the debugger.

Select a configuration to edit: | Cooley-AMNL ~ | or create a new configuration

Connection Name
Provide a name for your connection.

| Cooley-ANL

Remote Hosi(s)
Provide a comma separated list of S5H hosts in the form: user@hostl, user@host2

| piskuni@cooley.alcf.anl.gov

Private Key File

Specify an optional local private key (e.g. .pem or .ppk) file to use for the S5H connection.
Imyfpathimy_key.per

TotalView Remote Installation Directory

Enter the path to the totahiew executable or leave blank if totalview is in your path.
‘opttoolworksitotalview 2020.3.0/bin

Remote Command(s)

Enter opticnal shell commands to execute or source a remote script before starting remote TotalView debugger

soft add +totahiew

Delete Configuration

totalview.io




Hands-on labs

* |nstall TV from installers on Mac or Linux.

* Ignore license code
 Star TotalView
* Remotely connect to cooley and enable Reverse Connection

Labs:

* Lab 1 Debugger Basic

e Lab 2 Viewing, Examining, Watching and Editing Data

* Lab 3 Examining and Controlling a Parallel Application (on Cooley)
* Using remote connect (tvconnect)

* gsub —q training tvconnect.job

* Modify and submit tvconnect.job on your machine
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TotalView is available on Theta, Cooley

* Installed at: /soft/debuggers/totalview-2021-08-04/toolworks/totalview.2021X.3.756/bin/totalview

* Connect to Cooley/Theta

* Get allocation first
* gsub -A ATPESC2021 —n 4 —q debug-flat-quad —I (theta)
* gsub -A ATPESC2021 —n 4 —q training —| (Cooley)
* module load totalview (theta)
* soft add +totalview (cooley)
* totalview -args mpiexec —np <N> ./demoMpi_v2

* tvconnect mpiexec—np <N> ./demoMpi_v2
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TotalView Resources and Documentation

ene® < im] 0 i totalview.io ¢ Ot jl & =8
i TotaIVieW WebSite: PERFORCE Q Blog Company v Contact v

hd https ://tota lview.io °.:°:. TOta|VieW PRODUCTS&SOLUTIONS ~ RESOURCES ~ CUSTOMERS ~ SUPPORT
* TotalView documentation:

* https://help.totalview.io The Most Advanced

Debugger for HPC

* TOtZ-]lVIEW VldeO TUtOrIa|S. Debug HPC Applications Written in C, C++, Fortran, and Python

* https://totalview.io/support/video-tutorials
* Other Resources:

* Blog: https://totalview.io/blog Why Do Top HPC Developers Use
TotalView for Debugging Code?

You need special tools for multithreaded, multiprocess, and GPU-
specific applications. TotalView is a powerful debugging solution that

meets the unique and demanding requirements of HPC developers.

See why industry leaders use TotalView to get unprecedented HPC code

visibility and control.

SEE CASE STUDIES
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Summary

e Use of modern debugger saves you time.

* TotalView can help you because:
* |t's (the only debugger you ever need)
* Allow you to debug accelerators (GPU) and CPU in
» Allow you to debug (C++/Python/Fortran)
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